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I. RATE OF EFFORT 

A. Analysis of Rate of Effor t  
mi-> LL---- ,.Can A , - A a r 7  h-0 @ + i l l  
L f l l S  bLll'tltl-yc'as o u c y  .AWIUb.\* B A - A "  *&.yY y"AAA tc! T'JX thro12gh 

1 November 1968. 
severely c u r t a i l  e f f o r t .  

have been performed over t h e  last s i x  months. 

Data reduction of tapes  1 through 21 has continued and two new 

Due t o  t h e  lack  of funding it has been necessary t o  

Accordingly only 8.6 m a n  months of e f f o r t  

data tapes  were made i n  the  f i e l d  during the  s m e r  per iod on t h i s  

p ro jec t .  A l l  a i r c r a f t  cos t s  and the support of t h e  airborne spectro- 

meter a re  now borne by the  Houston contract  NAS9-7313, as we l l  as a l l  

cos t s  for laboratory operation. All t r a v e l  i s  ca r r i ed  on t h e  MSC 

cont rac t .  

It i s  most important t h a t  t h i s  grant  be kept as  an operat ional  

funding system f o r  an a d d i t i o n a l 1 2  months as  ou t l ined  i n  the  o r i g i n a l  

grant  document. A major p a r t  of t h e  instrumentation which we use 

i n  a l l  s tages  of f i e l d  and laboratory work w a s  obtained GFE on a fa- 

c i l i t i e s  grant (NAS2-3402 (F) ) f rom NASA-Ames under t h e  conditions 

that  t h i s  3-year s t ep  funded grant would be t h e  operating document. 

Accordingly, whether there  i s  t o  be any new funding o r  not f o r  t h i s  

p a r t i c u l a r  grant, we f e e l  t h a t  it should be kept i n  so t h a t  t h e  equip- 

ment can s t i l l  be u t i l i z e d  at Stanford i n  the  many operations of t h e  

in f r a red  laboratory.  

B. Cost Reduction i n  Data Analysis 

Since the  l as t  semi-annual report  we have considerably shortened 

the  CORRCO programs by more sophis t icated programming. This has been 

somewhat conditioned by the  necessi ty  t o  switch from t h e  IBM 7090 

which Stanford so ld  i n  September and replaced by an IBM 360. 
d i g i t a l  tapes  recorded from ear ly  work a t  NASA-Ames Research Center 

can now be r ead i ly  converted t o  the IBM 360-compatible formats. 

new program which has been w r i t t e n  (cal led TFQ 360) can read t h e  TRIFID 

d i g i t a l  tapes  d i r e c t l y  onto t h e  IBM 360 and produce a 90 point  spectrum 

as i t s  output ,  

The main airborne tapes  a re  reduced by a program called"CORRC0 360" 
a t  approximately $0.13 per spectrum. 

1 

TRIFID 

The 

Costs have been reduced from an estimated $1.00 t o  $0.26. 



TABLE I 

DATA ANALYSIS COSTS 

Data based on 300-500 Spectra/ground Tape 

PART B 

C ORRC 0 
0.12 

0.17 

System Load 0.07 

Stop S t a r t  

Cards 

I t 

D i g i t a l  Tape 

Dump 

I + 

TRIFID 
DIGITAL 

I TAPES 

costs  0 

0.25 

0.17 

System Load 0 .O3 l-7 
I I 

TRIFID 
DIGITAL 
TAPES 

cos t s  5 2 
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11. G R O W  TRUTH - RELATIONSHIP W I T H  THE STANFORD I R  PROGRAM 

A conference on ground measurements f o r  the  instrument and geologic 

teams w a s  held on t h e  Reno campus of the  University of Nevada March 

14-15, 1966. 
ments before t h e  f i e l d  summer season commenced at Sonora Pass. 

This was an attempt t o  e s t a b l i s h  c e r t a i n  t e s t  require- 

This two day meeting was designed t o  i d e n t i f y  the  basic  needs of 

each instrument group and how these needs might be accomplished. The 

reader i s  re fer red  t o  Tech Let ter  #3 of t h e  University of Nevada group 

i n  which these requirements a r e  f u l l y  de ta i led .  Requirements f o r  t h e  

I R  spectrometer/radiometer experiment have been copied and included 

i n  t h i s  document as Table 11. 

Since t h a t  time attempts have been made by Stanford and by t h e  

University of Nevada t o  implement as many of these measurements, pas- 

t i c u l a r l y  those dealing with t h e  atmosphere. 

r e s p o n s i b i l i t y  t o  t h e  Nevada group t o  provide most of the  ground t r u t h  

measurements f o r  t h e  P3A inf ra red  spectrometer/radiometer experiment 

when t h i s  experiment has been used i n  the airborne mode. A t  t e s t  

s i t e s  other than Sonora,Mono andMt. Lassen the  ground t r u t h  measure- 

ments have been made by the  Stanford Group themselves. 

We have delegated t h e  

I n  a recent study e f f o r t  at Woods Hole considerable time w a s  spent 

del ineat ing t h e  basic  problems i n  remote sensing f o r  geology, and 

methods by which these could best  be solved i n  a research and develop- 

ment e f f o r t .  Figure 1 i s  taken from t h i s  report  and ind ica tes  t h a t  

considerable e f f o r t  should be devoted t o  t h e  understanding of t h e  geology 

of t h e  outermost surface (or  "opt ical  depth", "skin depth", o r  "depth 

t o  opacity").  

mines t h e  response of t h e  rocks to  t h e  remote sensors. 

of f i g u r e  1 indicates  t h a t  the  maximum e f f o r t  should be devoted t o  

t h e  s u r f i c i a l  geology, with only  minor e f f o r t  devot_ed t o  c l a s s i c a l  

geological mapping. 

t o  t h e  development of new remote sensing hardware. 

t o t a l  R&D e f f o r t  i s  recommended be placed i n  understanding t h e  ground 

t r u t h  data. 

Y) 

*. 

It i s  t h i s  surface skin layer  which ul t imately deter-  

Detailed study 

A s i m i l a r  minimum e f f o r t  only should be devoted 

Over 8% of t h e  

* S e e  me7 
3 



TABLE I1 

PRELIMINARY BASIC REQUIREMEN'llX AS DEFINED BY 

DR. R. J. P. LYON FOR THE INFRARED TEAM 

MARCH 14. 1966 

A. F ie ld  Solid or Loose Material  -- Surface Only 

1. 

2. 

3. 

4. 

5. 

Roughness using Form Tool-NS and Ew p r o f i l e s .  

m d  then record t o  - + 0.5 mm, by: 

a. Spray pa in t  (not p e n c i l ) ,  

b. 

Make p r c f i l e  

Photo sens i t ive  paper (vis icorder  rolls) on a sheet of 

r o l l e d  chart  paper f o r  l a t e r  reduction by curve foilower 

methods. 

Fabric o r  tex ture  -- describe,  - d r a w ,  and a l so  photograph. e. 

Surface sample down t o  1 em depth 

a. I f  rock,cut 3" x 3" s lab  and place i n  cotton i n  box 

(mail t o  Lyon); 

If loose,  pour black p l a s t i c  mould f o r  v e r t i c a l  sect ioning,  

Send ha l f  t o  Lyon for  modal analysis  of polished slab.  

b.  

e .  Note color,  weathering degree, g l a c i a l  po l i sh ,  deser t  

varnish,  e tc .  i n  f i e l d .  

Photometric backscattering i n  f i e l d  

Produce graph a t  l e a s t  i n  N-S and E-W planes.  If corkimous 

t r a c e i s  not avai lable ,  then pos i t ion  lanp source at +60° and 

take readings w i t h  F'E c e l l  a t  0, 30, 60, 90, 120, 150, and 

180". 
adequate e ) 
Emissivity box measurements i n  f i e l d .  

(Need values t o  - + 0.05.)  

Color photos v e r t i c a l .  

a. Kodachrome I1 or Ektachrome 

b.  Aero Infrared Ektachrome (CD)  

(May have t o  be done a f t e r  dark i f  instrument i s  not 

Two at each g r i d  p o i n t ,  

Two each (with o r i g i n a l  s e t  f o r  Lyon) of :  

- 4- 



TABLE 11 icont 1 dj 

If possible  , 
c .  Froiii 2 f ee t  &?ti 1c) f e e t  

d. Stereo-shif ted 3" a t  2 f e e t  

e.  Stereo-shif ted 12" at  10 f e e t .  

Use "b" f o r  Lichen and vegetative counts. 

Moisture -- i f  possible  i n  f i e l d  (espec ia l ly  on f l i g h t  days) 

a. Surface t o  Imm. 
b.  Other layer  a t  1-2 cm depth 

(accuracy needed - + 5% of amount present )  

Atmospheric -- and micro -- meteorology (espec ia l ly  on f l i g h t  

days).  Wind ve loc i ty  t o  1 mph, RH t o  - + 0.5%. A i r  temperature 

( " C )  at  1-1/2 meter/ground ( t o  - + 0 . 2 O C ) ,  Barometric pressure 

( t o  - + 0.05 inches) ,  a l l  taken at a s ing le  base-camp with respect  

t o  time of day i n  a 24 hour cycle.  

s p e c i f i c a l l y  performed on f l i g h t  days 12  hours before t o  12 

hours a f t e r  f l i g h t .  

char t .  ) 

6. 

7 .  

Repeated once a week, bu t  

(For colors ,  use GSA Standard Rock color 

B. Laboratory 

1. Modal Analysis, major minerals -- 1500 point  count. 

grained, use t h i n  sec t ion(s )  , i f  coarser ,  use a pol ished slab 

(+ a t h i n  sec t ion  t o  iden t i fy  t h e  ground mass). 

back f o r  s l ab  pol ishing.  

Ident i fy  : 

a. 

If f i n e  

Bring piece 

To - + 1% of amount present -- quartz ,  K-spar, plagioclase 

(with An% t o  + 5%) pyroxene, amphibole, o l iv ine ,  mica, 

g l a s s  and voids. 

To - + 5% of amount present -- opaques, color index. 

opaques i f  p r a c t i c a l .  ) 
Fabric t ex tu re ,  note,  p refer red  o r i en ta t ion  of gra in  p a t t e r n  

i n  s o i l  using: 

(1) bulk "parent" rock at some s m a l l  depth below weathering 

Determine bulk rock S.G. 

b. ( Iden t i fy  

e. 

r i n d  and/or s o i l :  

(2 )  ac tua l  surface chip (or l ayer  of s o i l )  t o  - + 1 m depth. 

- 5- 



TABLE I1 (cont'd) 

2. Chemical Analysis (X-ray, spec. or emission spec.) Record as 

oxides to - + 0.5% of amount present. 
Fe(T), ( c  Fe 0 
amount present. Use 1 lb. specimen, pulverize and mix 
thoroughly. 
as well as bulk rock SG. 

Si, Al, K, Na, Ca, Mg, 
Ti etc. to - + 5% of and FeO if possible). 

2 3  

Send 10 grams in bottle to Lyon. Get powder SG 

- 6- 
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In order to r e l a t e  these  concepts t o  t h e  opera t ioga l  aspects  of 

the  P3A a i r c r a f t  f i g m e  2 has been drawr,. I n  t h i s  flow diagram the  

re la t ionships  betweer S tar ford ,  Universi ty  of Nevada and MSC on t h e  

i L f  r ar. ed sp e c-tzomet e r  /r adiome t e r  exp e r  iment a r e  c l e a r l y  i r d i  c ai. ed . 
st , ippled areas i n  t h e  center  of t h e  diagram a r e  those i n  which much more 

research and maxy more measurements a r e  required.  

The 

1i-i the t o p  left,-ha?d corrier of f i gu re  2 i n  t h e  hachLred a rea  i s  

show-? t,he &rea Gf r e spons ib i l i t y  of MSC, for opera t tona l  use of t h e  com- 

bined package ( the  Rapid Scan spectrometer, t h e  rad5ometer (01' PRT-5) 

t,he boresight, camera, t h e  a i r z r a f t  hygrometer and t h e  a l r c r a f t  da t a  

rezordicg system). 

a2 a i rc raf t .  operat?ior; flows through t h e  MSC f o r m a t t k g  computer t.0 pro- 

The riext, block ind ica tes  that, t.he da t a  from such 

h c e  blocked d i g i t a l  +,apes immediately compatible with the  Stjar,ford IBM 
360 computer syst.en. 

Stanford t o  e s t ab l i sh  t:he p rec i se  ground pos i t i on  of t he  a i r c r a f t  a t  

any given time (xeeded t o  - + 1.0 f e e t  a t  2000 f e e t ) .  

used i n  an irlt,erpoiatjion program i n  t h e  Stanford computer t~ es5abl ish 

the  a i r c r a f t  pcslt'Loc on an a r b i t r a r y  groucnd g r id ,  which i s  drawn or, 

a base map prepared from high a l t i t u d e  photographs of t h e  loca l i t .y ,  taken 

(hopefully) the  same day. Fromthese two outputs it i s  Foss ih le  io 

r e l a t e  ayly giver: time (as from trhe ASQ90 o r  from the  varioi_zs a i r c r a f t  

The boresight and RC8 camera da t a  a r e  sent  t o  

These da ta  a r e  

clock syst<ems i f i  use at. t he  norLent) t o  a por t ion  of t h e  map g r id ,  arsd 

hence (t.hrough the  r e l a t i cnsh ip  shown as a v e r t i c a l  l i n e )  w i t h  t he  map- 

ping and ground t r u t h  parameters determined by t h e  Ur,iversity of Nevada. 

The identifi:at.ion of a i r c r a f t  l oca t ion  on high a l t i t u d e  photo- 

graphs and on t h e  map g r id ,  as we l l  as t h e  production of t h e  computer 

reduced a i r c r a f t  spec t ra  and a l l  da t a  ana lys i s  a r e  the  r e s p o n s i b i l i t i e s  

of Stanford Universi ty .  I n  t he  lower sec t ion  i n  the  lef t -hand and bot- 

tom edge of f igure  2 ,  t he  r e spons ib i l i t y  areas  of t h e  Universi ty  of 

Nevada are  indicated.  

I n  the cen%er of t h e  diagram t h e  a t tenuat ion  of t he  emitted ir;- 

f r a r e d  rad ia t ion  by the  atmospheric column i s  measured, by t h e  use of 

weather s t a t ions ,  and, when used together  with t h e  a i r c r a f t  hygrometer, 

provide a p r o f i l e  of t h e  water vapor i n  t h e  a i rpa th  between gromd and 

8 
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a i r c r a f t  for  the  :omput,ers a t  Stanford. 

we l l  I n  harLd but t he  a i r c r a f t  systems need improvement. The second 

block (Suyface Skin Compositions) i s  de5ermined by measurements of 

s c i i  moisture, vegetation com-it a rd  p a r t i c l e  s i z e .  

The f i e l d  data  co l l ec t ion  i s  

These surface sk in  

compositions a re  then r e l a t ed  ( t h r o w h  t h e  a i r c r a f t  time system) t o  

s u r f a c e  geclogy (along the  a i r c r a f t  t rack)  in tegra ted  over t he  f i e l d  of 

view of the equipme2t (0.3") a t  a,ry one i is taxt  of t h e .  

o f  t he  major ground t r u t h  measuements which must be made i n  grea te r  

This i s  one 

d e t a i l  tha? i s  i n  present  p rac t i ce .  

The lower sec5ioIyI of f i gu re  2 shows how determinatiofi of rock type 

acd t h e  patt.er:g. (or s t r cc tu re )  and d i s t r i b u t i c n  of rock types a r e  r e -  

l a t e d  thro-jgh f i e l d  geology mapping t o  a bas ic  geological map. 

t.ypica.1 geological map i s  a subsurface map and general ly  dces not, show, 

f o r  example, t h e  pos i t ion  of snow banks, sand dw-es, and other  s u r f i c i a l  

cover, 

over a f i e l d  o f  view of t he  instruments. The v e r t i c a l  time-linkage be- 

tween t h e  University of Nevada operations and t h e  MSC operations of t h e  

a i r c r a f t  i s  essent i .a i  (a7d w i i l  be brough out i n  a l a t e r  chart,) as 

A 

These a i l  a f f e c t  t h e  " target" ,  which i s  t h e  surface in tegra ted  

ground t r u t h  i s  only use fu l  where t h e  a i r c r a f t  passed i n  i t s  f l i g h t  

D a t t  ern 

A more de t a i l ed  analysis  and flow chart  of t h e  operation i s  showr 

This rakher complicated diagram starts i n  t h e  center  l e f t -  i n  Fig.  3. 
hmd side w i t h  an Experiment Defini t ion,  a S i t e  Select ion and a s p e c i f l c  

Target' Selec-kion, which were confirmed a t  t h e  p re - f l i gh t  Mission Brief ing 

approximately 14 days before t h e  f l i g h t .  

and s t a r t s  t h e  flow diagram i n t o  operation. 

The F3A f l i g h t  then occurs 

I n  the center of t h e  diagram one sees t h e  boresight camera being 

t r iggered  by output from t h e  spectrometer and t h e i r  mutual r e l a t ionsh ip  

with t h e  radiometer (present ly  t h e  PRT-5). The a e r i a l  cameras give t h e  

a i r c r a f t  loca-tion. These loca t ions  a re  compared then with t h e  t a r g e t  

select ions and the ground t r u t h  measurements made by the  Universi ty  of 

Nevada. The area of r e spons ib l l i t y  fo r  t h e  Nevada group i s  shown i n  

t h e  upper hachured segment. Laboratory work, following t h e  a i r c r a f t  

f l i g h t  w i l l  er,able the  University of Nevada t o  prepare Rock Type analyses 

13 





using th in  sect ion and point  counting and t o  provide Stanford with a 

modal (or mineralogical) analysis .  

a chemical composition of t h e  rocks from which one can determine a 

"normative" or t heo re t i ca l  mineral  composition. Both of these  analyses 

a re  fed  in to  t h e  block labeled "Data Analysis". 

por tan t  t h a t  t h e  samples used i n  t h e  determination of t h e  rock type a d  

chemical composition be those which a r e  exact ly  (or a t  l e a s t  adequately 

represented) along the  f l i g h t  l i n e s  ac tua l ly  flown. 

The x-ray fluorescence u n i t  y ie lds  

Again it i s  most im-  

I n  the center panel we see t h e  re la t ionships  between t h e  a i r c r a f t  

operation a t  MSC and t h e  data handling design r e s p o n s i b i l i t i e s  of Stanford 

(under D r .  Roger Vickers). The center hachured and s t ipp led  a rea  shows 

the  de ta i led  experimental design (which or ig ina ted  a t  Stanford) and i t s  

execution i n  an a i r c r a f t  f l i g h t  and subsequent data reduction performed 

a t  MSC. 

we a r e  already i n s t a l l i n g  it f o r  our ground operations.  The d i g i t a l  

radiometer and spectrometer outputs a re  sampled i n  t h e  computer by the  

s igna l  from t h e  edge coding around the  periphery of t he  f i l t e rwhee l  Ir, 
t he  spectrometer. 

sampler in  t h e  computer. 

t o  t h e  Stanford pa t te rn .  

spec t ra  are produced from programs operat ing on t h e  Stanford computer e 

These spec t ra  a re  the  s ing le  most important product, of t he  e n t i r e  

D ig i t a l  recording i s  s t i l l  not i n s t a l l e d  i n  t h e  a i r c r a f t  although 

This pulsed s igna l  i s  used t o  t r i g g e r  t he  d i g i t a l  

This i n  t u r n  produces an IBM 360 tape formatted 

This tape i s  then sent  t o  Stanford wherein 

f l i g h t .  

program, see SRSL Tech Report 67-1) i s  used, and t h i s  produces a ranked, 

rock type analysis  as seen on the  right-hand s ide .  

grams a r e  used by Switzer i n  a step-wise discriminant function (or  

adaptive learning)  program which learns  from standard spec t ra  and iden- 

An on-line program ca l l ed  CORRCO (a co r re l a t ion  coe f f i c i en t  

Other Stanford pro- 

t i f i e s  rock c lasses  on a probabi l i ty  bas i s .  The cor rec t  c l a s s  i s  assigned 

t o  each incoming a i r c r a f t  spectra .  Another rock type l i s t i n g  i s  pro- 

duced and t h i s ,  i n  t u rn ,  i s  compared with t h e  CORRCO rock type ranking, 

i n  the  Data Analysis block. 

at  Stanford i n  the  mineral ana lys i s  program t o  produce a "modal" (or 
mineralogical) analysis  as i t s  end product. This a l so  i s  compared 

through the Data Analysis block with t h a t  derived by rock type analysis  

by t h e  University of Nevada. 

A fu r the r  program i s  u t i l i z e d  by Switzer 
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This is  t h e  program design diagram. A t  present few of' the  cycles 

h v e  been completed f o r  Mission 56 as considerable portions of the  data 

a r e  not yet  avai lable .  

yet  been prepared but a number of usefu l  chemical compositions and nor- 
mative analyses have been received. These however a r e  percentages of 

t h e o r e t i c a l  minerals and not t h e  ac tua l  minerals occurring i n  the  rock. 

I n  addi t ion,  most of the  samples which have been so  far analyzed a r e  

not from t h i s  y e a r ' s  f l i g h t  l i n e s .  

statement, but t o  ind ica te  work yet t o  be done on one mission. We are  

a l l  i n  a learning s i t u a t i o n  with "ground t ru th" ,  and working respon- 

s i b i l i t i e s  and tasks  a re  continually becoming more c l e a r l y  defined. 

Modal analyses of t h i n  sect ion mater ia l  have not 

This i s  not meant as a negative 

- 

I n  t h e  area represented by the center block ca l led  "Aircraf t  

Location" we have a l s o  had many problems due t o  the malfunction of the 

boresight camera. We have had t o  r e v e r t  t o  an a i r c r a f t  locat ion method 

which u t i l i z e s  t h e  RC8 cameras which t r i g g e r  every f i v e  seconds. These 

cameras carry t h e i r  own clocks and it i s  possible  with a fa i r  degree 

of precis ion t o  in te rpola te  spec t ra l  s tart  times between individual  

R C 8  frames t o  l o c a t e  t h e  300 spectra which occur between each RC8 

photograph. 

frame and were not corrected f o r  d r i f t  i n  order t o  have them record as 

accurately as possible  the nadir beneath the  l i n e  of s igh t  of the  

spectrometer. 

* 

The R C 8  cameras were locked i n  pos i t ion  t o  t h e  a i r c r a f t  

I n  s m a r y  some points  t o  be  made a r e  shown i n  Table 1: B as a l i s t i n g  

of axioms f o r  ground t r u t h  operations. These a re :  

1. Ground t r u t h  data a r e  only usefu l  along the  a i r c r a f t  ground 

t rack.  

Weather data i s  only useful a t  f l i g h t  time. 

Water content i n  the  air and on t h e  ground i s  t h e  s ing le  most 

important parameter t o  be measured. 

Ground t r u t h  data are only usefu l  i f  they can be used i n  sub- 

sequent s t a t i s t i c a l  analysis of t h e  data. 

2. 

3. 

4. 

* 
(+ 25 f e e t ) .  180 K t s .  = 300 fee t / sec .  FOV of spectrometer i s  0 .3"  

or 5 m rad ians ,  or 10 f e e t  at 2000' clearance.  
t h e  150 msec between spectra  t o t a l l i n g  10 x 60 feet/spectrum. 

A/C smear i s  50 f e e t  i n  



T A B m  I I B  

AXIOMS FOR GROUND TRUTH 

1. GROUND DATA ONLY USEFUL WHERE THE A I R C U F T  ACTUALLY WEWI a T H I S  MAY 

NECESSITATE POST-FLIGHT GEOLOGY - AND SAMPLING. 

SIGNIFICANT' FOR NON-IMAGING LINE-TRACE EQUIPMEXW L I K E  I R  SPECTROMETER 

T H I S  IS P A R T I C U U R L Y  

RADIOMETER AND MICROWAVE RADIOMETERS. 

2. WEATHER DATA IS ONLY USEFUL AT F L I G H T  TIME AND FOR 24 HOURS P R I J R  

TO FLIGHT IF  G3OUND I S  WET. 

3. WATER CONTET\PT IS THE S I N G L E  MOST IMPORTANT PARAMETER TO B E  MEASURED 

BECAUSE O F  ITS HIGH ABSORPTION C O E F F I C I E N T  AND EFFECT I N  THE 

DIELECTRIC CONSTANT. 

A .  MOISTURE ON GROUND 

B. 

C., 

MOISTURE DOWN TO S K I N  DEPTH, f (A) 
WATER VAPOR I N  TOTAL A I R  PATH FOR I R ,  AND I T S  DISTRIBUT2ON 31TB 

TIME 

L I Q U I D  WATER DROPLET SIZE AND FREQUENCY I N  A I R  PATH FOR MTZRONAVE 

AND RADAR WAVELENGTHS 

D .  

4. GROUND TRUTH DATA ARE ONLY USEFVL I F  THEY CAN BE USEZn 
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I n  conclusion, it i s  s t i l l  necessary a t  present t o  make a consider- 

ab le  number of ground t r u t h  measurements. It i s  perhaps debatable how 

many should be made p r i o r  t o  a i r c r a f t  f l i g h t ,  during a i r c r a f t  f l i g h t  or 

following t h e  a i r c r a f t  f l i g h t .  I n  some cases t h e  seasonal conditions 

preclude making these measurements a f t e r  a i r c r a f t  f l i g h t ,  p a r t i c u l a r l y  

when one considers t h e  time required between t h e  a i r c r a f t  f l i g h t  and 

r e c e i p t  of the  photographic data by which a i r c r a f t  t racking must be de- 

termined. One must then add t i m e  f o r  a considerable mount of work in- 

volved i n  t r a n s f e r r i n g  camera center points  from the  RC8 camera and i n  

loca t ing  these on the  ground. It can be estimated t h a t  approximately 

2-4 weeks e f f o r t  would be required a f t e r  an a i r c r a f t  f l i g h t  and p r i o r  

t o  accurate ground locat ion being obtained along the  a i r c r a f t  t rack .  

We must more f u l l y  understand the t o t a l  system, how t h e  ground 

t r u t h  parameters and t h e  subsurface geology (as shown on a t y p i c a l  geo- 

l o g i c a l  map) i n t e r a c t  i n  t h e  s u r f i c i a l  skin geology, and i n  t u r n  how 

the atmosphere between the  a i r c r a f t  modified these s igna ls .  We must not 

neglect t h e  e f f e c t s  of t h e  a i r c r a f t  data system and how f i n a l  output 

from t h e  computers f u r t h e r  changes t h e  data. After a l l  'lsuccess" i s  t h e  

r i g h t  re la t ionship  between the  output from t h e  computers and t h e  f i n a l  

output from t h e  ground t r u t h  measurements. Before t h i s  becomes possibie  

we a r e  going t o  have t o  face up t o  t h e  co l lec t ion  of a considerable 

amount of possibly redundant data. 

made f o r  more sophis t icated ground measurement systems. It i s  al- 

ready f a i r l y  c lear  t h a t  even measurement of water vapor content between 

an a i r c r a f t  and t h e  ground i s  an extremely d i f f i c u l t  and qui te  sophis- 

t i c a t e d  meteorological experiment, not yet performed by meteorologists 

wi th  a degree of l o c a l  and temporal prec is ion  requested by t h i s  

experiment. 

I n  addi t ion a s t rong p lea  must. be 
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1 x 1 .  COMRJTER PROGRAMS - STATUS, CHANGES AND UPDATING8 

A. CORRCO-360 - Replaces "INTERIM 360" and "NSCP"Programs 

A s  a p a r t  of our continual up-grading of computer programs a t  

Stanford Urdversity, and a l so  because of t h e  conversion of t n e  computer 

f a c i l i t y  from the  IBM 7090 t o  t h e  I 3 M  360 equipment, i.t has became 

necessary t o  change most of our programming over t h e  pas!; s -m-e r  per.i.od. 

Accordingly w e  have now developed a main-line progran (cr maLr.!. a i z z r a f t  

program) call.ed COFEXO 360. 
t h a t  a single program should be capable of receiving da ta  from seve ra l  

spectrometers. 

This again emphasizes uu gere ra l  t hes i s  

The CORRCO 360 program i s  based on a format statemer.t; req'ziir4ng a 

pre-determined 90 poi35 spec t ra  a t  f ixed  Ah i n t e rva l s .  

wheel spectrometer i n  t h e  P3A a i r c r a f t  these  90 poin ts  a r e  det;emined 

from output pulses  a t  every 2" of r o t a t i o n  of t h e  wheel. 

program for  ground data  these  90 points  a r e  determined a t  90 ever5y 

spaced Ah in te rva ls  betweep t h e  s tar t  wavelength and stap warele::gt.hs 

Witk t h e  f i l t e r -  

I- .the TPO-360 

CORRCO therefore  replaced INTERIM 360, as we l l  as t h e  Lcckheed 

system (ca l led  NSCP when on t h e  Stanford computers). 

Several options a re  ava i lab le  i m l u d i n g  t h e  a b i l i t y  t o  i z se r t ,  

"foreign" spectra by use of an "Entry Point. B". 
t o  d i g i t i z e  any analog spectrom t o  these  same 90 wavelength poin ts ,  

md then enter t h e  CORRCO 360 program f o r  co r re l a t ion  coe f f i c i en t  a+, a 

l a t e  sta$e*. The output i s  formatted i n  a similar maner  and characte:r 

t o  t h a t  of any other of t h e  a i r c r a f t  or ground spectra .  

program can read t h e  d i g i t a l  tapes  sent  from MSC Houston, which =e now 

formatted to  t h e  Stanford IBM 360 format. 

g rea t  d e t a i l  i n  previous monthly repor t s  on NASA contract  NAS9-7313. 

With t h i s  4 . t  I s  possl'ble 

CORCC'O 360 

This has been discussed i n  

ic 
See SRSL Tech Report 67-3 ( issued November 1967) f o r  usage of 

t h i s  concept on t h e  13 USGS spec t ra  i n  t h e i r  Tech Let te r  #13. 

- 16- 



B. "INTERIM-360" Program f o r  Card  Input - Entry Point B 
(Now outdated a t  Stanford but included f o r  information of users  

1. Ident i f ica t ion :  

NSCP2B - Spectral  correlat ion program f o r  card input (see Remote 

Sensing Laboratory repor t s  (67-1, 67-2) f o r  d e t a i l s  of t h e  s p e c t r a l  

cor re la t ion  program. ) 

2. Purpose: 

NSCP2B ca lcu la tes  correlat ion coef f ic ien ts  between spectra  input 

on cards and a l i b r a r y  of spectra.  

highest  t o  lowest cor re la t ion  w i t h  t h e  input spectra.  

The l i b r a r y  spectra  a r e  rzlked from 

3. Method: 

The emittance r a t i o s  of a spectrum at severa l  d i s c r e t e  wavelengths 

a r e  considered t o  be independent observations. Means, standard de- 

v ia t ions ,  e tc . ,  between t h e  input spectrum and each l i b r a r y  spectrum. 

4. Usage: 

The f i r s t - t i m e  the  program i s  used the l i b r a r y  spectra  a r e  input 

on cards. 

Thus i n  m y  subsequent use of the  program with t h e  same l i b r a r y ,  t h e  

l i b r a r y  may be read from magnetic tape  with a saving i n  computer time. 

a. Input data formats: 

The l i b r a r y  i s  s tored on magnetic tape  i n  binary modes. 

- 

Card Set 1 

Card 1 (4F 10.5) 

(use f l o a t i n g  point  numbers, i . e . ,  i.0) Col 1-10 NEWLIB 

(201 11-20 NUMLIB 
Col 21-30 NSPCPT 

Col 31-40 NLIBLT 

NEWLIB = 0.0 a blank l i b r a r y  t o  be read i n  

0.0 l i b r a r y  t o  be read from cards # 
o f f  tape  

NUMBLIB = number of l i b  spec t ra  t o  be read in .  

i f  l i b r a r y  i s  t o  be read from tape . )  

(may be l e f t  blank 

-17- 



NSCPCPT = number of s p e c t r a l  po in ts  per  spectrum (may be l e f t  blank 

i f  l i b r a r y  i s  t o  be read from t ape )  

NLIBLT = 0 No l i s t i n g  of t h e  l i b r a r y  i s  generated 

# a l i s t i n g  of t h e  l i b r a r y  i s  generated (a i i s t . i ng  of t h e  

l i b r a r y  i s  always generated when t h e  l i b r a r y  i s  read  from 

cards) e 

Card S e t  2 

Card  s e t  2 i s  not required when t h e  l i b r a r y  i s  read from tape)  
C a r d .  s e t  2 i s  repeated NUMLIB times. 
number of l i b r a r y  spectra .  

Corresponding t o  t h e  

Card 1 ( 1 2 ~ 6 )  

Col, 1 t o  72 tape t i t l e  i n  BCD 

Card 2 ( 6 ~ ,  6A6) 

Col 1 t o  6 ignored 

Col 7 t o  36 l i b r a r y  spectrum t i t l e  i n  BCD 

Col 37 t o  42 l i b r a r y  spectrum symbol i n  BCD 
( i . e .  MYRITE f o r  meteori te)  

Card 3 t o  4 + NSPCPT (IX, 2F 6.2) 

C o l  1 ignored 

Col 2 t o  ;7 wavelength ( i . e . ,  7.80) 
C O ~  8 t o  13 emittance r a t i o  ( i . e . ,  0.792) 

Card 3 + NSPCPT + 1 (12 Ab) 

This card i s  ignored. Usually t h i s  card says END O F  SPECTRUM 

Card Se t  3 (input wavelength cards)  

Card 1 (F1O.S) 
Col 1 t o  10 NPTS - t h e  number of s p e c t r a l  po in ts  i n  t h e  spec t ra  

t o  follow. 
Cards 2 t o  (NPTS/7) + 1 

Col 1 t o  10 

Col 11 t o  20 LAMA(2) wavelength of seve ra l  s p e c t r a l  po in t ,  e t c .  

Card  3 contains  LAMA(^) t o  LAMA(15) 
use as  many cards as  a re  needed 

LAMA(1) wavelength of f i rs t  spec t r a l  point  



Card Se t  4 (Input Spectra Cards) 

Card 1 ( 2 ~ 6 ,  7X,  A 6 ,  I X ,  AS, I X ,  8A6) 
Col 1 t o  12 CT type of spectra t o  be processed 

@T must be one of t h e  foiiowing: 

EMITTANCE bbb (b  stands f o r  blank) 

EMIT. b RATIO b 

BLACK b BODY bb 

b b b b b b b b b b b b  

Col 13 t o  19 ignored 

Col 20 t o  25 BC(1)  spectrum symbol i n  BCD 

Col 26 ignored 

Col 27 t o  31 BC(2) Spectrum number (i. e. , 905A) 

Col 32 ignored 

Col 33 t o  80 BC(3)  t o  BC(10)  spectrum t i t l e  and comments 

Card 2 t o  (NFTS/7) + l(7F10.5) 

Col 1 t o  10 E ( 1 )  or ER(1) 
If EMITTANCE was specif ied on Card 1 of card s e t  4 then da ta  should 

be emi5tance. If EMIT.RATI0 was specif ied then r a t i o  data  should be used, 

Col 11 t o  20 E(2) or ER(2) 

e tc .  f o r  t h e  r e s t  of t h e  card. Use as many cards as required with 

seven emittance or emittance r a t i o  values per  card. 

b. NOTE 1: if BLACKBODY i s  specif ied then t h i s  blackbody spectrum is 

averaged with t h e  immediately following blackbodies. The program 

expects EMITTANCE cards a f t e r  BLACKBODY Cards. The program then com- 

putes  emittance r a t i o s  ard outputs emittance r a t i o  cards. 

e .  NOTE 2: If a blank card i s  used o r  i f  nei ther  EMITTANCE EMIT, b 

RATI$,  or BLACK b BODY bb i s  specified t h e  program i s  terminated. 

(b = 1 blank space; bb = 2, e t c . )  

c. CARD CHECK PROGRAM 

1. F’URPOSE - To check input  s top-star t  time data  card t o  NSCP 

2. USAGE - S t a r t s  t h e  s ta r t - s top  time cards behind green card 

as they a r e  t o  be run with NSCP. 

If more than one s e t  i s  t o  be run sequent ia l ly  theF 

i n s e r t  a card with i n  col.  22 and 23 aad blariks i n  

col .  24 t o  col.  27 between t h e  two s e t s .  

* 
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3. OUTPUT - A l i s t i n g  of t h e  information on t h e  input; cards i s  

provided. 

Del ta  i s  the  time between data samples. 

Whenever an e r ro r  i n  t h e  input da ta  occurs t h e  message 

ERROR I N  SPECIFICATIONS i s  p r h t e d  G L ~ .  

Delta  i s  a l s o  ca lcu la ted  and prrin+,ed out. 

4. P R O G M  - The program checks f o r  t h e  following 

1. S t a r t  time l e s s  than previous s t a t  time 

2.  

3. 
4. 

Stop time l e s s  than previous s top  time 

Stop time l e s s  than start time 

DELTA grea te r  than twice t h e  average of previom 

DELTA S 

5. DELTA l e s s  than ha l f  t h e  average of previ.ous 

DELTA s 

D o  

1. Definit ions:  

INSTRUCTIONS FOR GENERATING TAPE INDICATIVES ON TRIFID TAPES 

b i t  - one binary character  e i t h e r  1 or  0 

byte  - 6 binary characters  (one byte  i s  read fron a magnetic 
tape when the  tape i s  advanced t h e  smallest  p- uss ib le  

amount), 

6 t racks  on t h e  tape.  

p a r i t y  check). 

The binary characters  a r e  read from t h e  

(A seventh t r ack  i s  -;sed f o r  a 

word - 6 consecutive bytes.  This cons t i t u t e s  t h e  s r a l l e s t  

mount of information read  i n t o  t h e  7090 conpzxter and 

occupies one "wordr1 of 7090 storage.  

physical  record - 256 words. The TRIFID tapes a r e  blocked such t h a t  

a 3/4" gap (no recorded informatio2) e x i s t s  between 

each 256 words of information. 
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The f irst  record of a f i l e  of TRIFiD tape information must contain the 

following information. 

a. 

b.  

C .  

d. 

s .  

The f i r s t  two words (12 bytes) of the  f i r s t  record consis t  of 

anything which w i l l  serve as i d e n t i f i c a t i o n  information. For 

example, t ape  7 (Lgon designation) has t h e  i d e n t i f i c a t i o n  of 

an o c t a l  7 i n  the  12th byte. All other  bytes  a r e  zero. Thus 

the  f i r s t  word of the  record cons is t s  of zero, and the  second 

word of t h e  record consists of 7. 
The t h i r d  word of the  f i rs t  record cons is t s  of 1. Thus bytes 

13 t o  17 a r e  zero and byte 18 i s  1. 

The fourth word of  the  f i r s t  record cons is t s  of 2. Thus 

bytes 19 t o  23 a re  zero and byte  24 i s  2. 

The f i f t h  word of the  f i rs t  record cons is t s  of zero. T h ~ s  

bytes 25 t o  32 a re  a l l  zero. 

The remainder of t h e  256 words a r e  usual ly  f i l l e d  with zero; 

however, word 256 may contain t h e  range coded time. This i s  

optional.  

The following i s  addi t ional  information i f  sometime it w i l l  be desir-  

able  t o  use more than two channels of data. 

f .  If more than two channels of data are  recorded on the  TRIFID 

tape,  then a - 3 i s  placed i n  word 5 and a - 4 i n  word 6 and sc 

on 0 

g. A sync b i t  (negative sign) must be placed i n  t h e  f irst  chazaei 

information e.g. for a wavelength and emittance 2 c h a m e l  tape,  

t h e  wavelength i s  always wr i t ten  with a negative sign. If 

more than two channels are t o  be wr i t ten  then t h e  negative b i t  

i s  placed only i n  the  wavelength channel. 

charAel information, i f  the ind ica t ives  m e  specif ied i n  e r ror  

t h e  NSCP computer program w i l l  " f l i p "  t h e  ind ica t lves  makicg 

1 a 2 and 2 a 1; however, when more than two channels a r e  used, 

t h e  value i n  t h e  t h i r d  word ( f i rs t  ind ica t ive)  must be +he 

number of channels t o  the sync channel i n  t h e  f i rs t  words of 

t h e  second record. E.g., i f  wavelength starts of f  t h e  da%a 

For t h e  case of d-aal 
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and contains t h e  sync b i t ,  and occurs f i rs t  i f i  t h e  flow of 

data,  t h a t  i s  t h e  f i r s t  two bytes  of t h e  seco:id azd subsequezt 

records a r e  wavelength, then t h e  f i rs t  tape  iridfzaii-fe ( t h i r d  

word of t h e  f i r s t  record) i s  a one. 

b i t  occurs i n  any other channel i n  t h e  data, %he tape  i:..d-lca- 

t i v e  cons is t s  of t h e  number of bytes t o  t h e  f i r s t ,  s r c - ?  b i t  

i n  the  record divided by two. Subsequent, tape i:?diza';ives 

i m r e a s e  by one f o r  each word u n t i l  t h e  t o t a l  nunber of charnels 

has  been reached then t h e  next ind ica t ive  i s  ore ,  cne rext, 

two a i d  so on. 

OtherwSse, E f  the s p e  

E. TRIFiD TAPE FORMAT(prepared by Lockheed Missi le  & Space Coo (STxL?yva.le) 

1, PURPOSE 

The purpose of t h i s  procedure i s  t o  fami l ia r ize  t h e  Ca!,a Troces-, 

sing and Analysis personnel with the  TRIFID Tape Format,. 

2 DESCRIPTION 

a. 

b. 

For general  tape information r e f e r  t o  SRSL Tech Rcpe-nt 674, 6'7-2- 
Data records may contain up t o  255 words followed by oLe 

word of time. 

c .  Data words a r e  i n  Counts: 

d. 

0 - e Counts - < 2047. 
U p  t o  e ight  continuous parameters may be merged t,cget.her or 

one f i l e .  The a c t u a l  record length of a given f i l e  will ke 
determined by the  number of data s e t s  (one data word for each 

merged parameter) t h a t  may be w r i t t e n  i n  a record co??t,afnfng 

up t o  256 words, including coded time. 

ifidicates the  various record p o s s i b i l i t i e s .  

The following 'table 

N o .  o f  
Parameters 

1 

2 

3 
4 

Data 
Words/Rec e 

255 
2 54 
255 
2 52 
255 
2 52 
2 52 
248 

Data 
Samples/Rec 

765 
762 
765 
756 
765 
756 
756 
744 

Data 
Sets/Rec 

765 
381 
255 
189 
153 
12 6 
108 
93 
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BITS 1 36 
DATA WORD DATA WORD DATA WORD 

S = Sync B i t  = A one b i t  i n  t h i s  pos i t i on  ind ica tes  t he  f i r s t  

quant i ty  i n  t h e  merged s e t .  

Following the  computer data words t h e  l a s t  word of t he  record 

will be one of t h e  following time words: 

RANGE CODED TIME 

IBM Sign B i t  

HOURS MINUTES SECONDS 

415 8 b  12113 16117 20121 24125 28129 32133 36 

Tens Units U n i t s  Tens U n i t s  

Tenths Hundredths Thousandths 

ACCUMULATED BINARY CODED TIME WORD 

IBM Sign B i t  

1 ALL ZEROS I 2 4  BINARY TIME 1 

MSB LSB 

MSB = Most S igni f icant  B i t  

LSB = Least S igni f icant  B i t  

f .  The presence of a one (1) i n  t h e  I B L  s ign pos i t i on  ind ica tes  

accumulated r a the r  than range coded time. 

The normal time base for accumulated time words w i l l  be 10 KC, 
but  o ther  frequencies may be used. (100 KC MAX) 

The time between da ta  samples within a multiplexed s e t  i s  a 

constant (25 microseconds). . . 

g.  

h. 
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i. The f i r s t  record of each f i l e  w i l l  contain t h e  ind ica t ives  

for  a l l  t h e  paxameters i n  t h e  f i l e .  The ind ica t ive  record will 

contain two words of f i l e  i d e n t i f i c a t i o n  and one word ident i -  

fying each parameter merged i n  t h e  f i l e .  

i l l u s t r a t i o n  of t h e  ind ica t ive  record. 

See t h e  following 

om corn 
RECORD : 

W C  WORDS OF 

IDENTIFICATTON 
FILE 

PARAMETER IDEN- 
TIFICATION FOR 
"N" M'ERGED 

PAiRArnTZRS 

"N" t h  PARA- 
ME'TER 10, 

CQMPUTER W O R S  

SET TO ZER13 
>NOT ~JJSED ARE 

DUMMY TIME WORD 

RECORD GAP 

F. Computer Programming Effor t  Level 

Program Descriptions: 

CORRCO 360 - Main l i n e  program (= main a i r c r a f t  program).Requires 

a predetermined format of a 90-point spectrum a t  

Ah in te rva ls .  These a r e  a t  every 2" of r o t a t i o n  

of t h e  a i r c r a f t  C V F  wheel, o r  90 (even- A1)intervals 

from TPO. This i s  an updating of t h e  "1I"TERIM 360" 
program. 
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TPO 360 - 

TPT - 

Gromd da ta  program. Reads TRIFID format d i g i t a l  tapes  and 

s e l e c t s  spec t ra  by finding wavelength turnaround poin ts  using 

fire', ~ ~ f i  secnnd d e r i ~ ~ ~ ~ ; t , i y e  nf ). r ~ q p  7 ~ ~ l t . z g p s ;  Fee& d f -  

r e c t l y  i n t o  CORRCO-360 bjr generating a 90-point spectrum at  

equal-Ah in t e rva l s  between START and STOP wavelengths. 

S i m i l a r  t o  TPO, bu t  reads wavelength from encoder pulses 

on a t h i r d  t r ack  of t h e  analog tape.  Wavelength ramp voltages 

a re  not used a t  a l l ,  but h values a re  assigned t o  t h e  encoder 

pulses .  Programming not f u l l y  completed. Only tape 2 1  i s  re -  

corded with t h i s  encoder pulse .  

INTERIM- Now replaced by CORRCO 360. 
360 

ALLOCATION. OF, EFFORT - -ER-QGRAMMING 

TPO 360 1067 

OLD TAPES 335 
A/C MISSION 56 260 

STAT. PROGRAMS 180 

TPT 138 
7090-360 CONVERSION 160 

CORRCO 110 

$ 2250 

43%, TAPES 1-16 1602 65% 
13 TAPES 17-21 348 14  
11 MAIN A/C PROGRAM 300 11 

(MISSION 56) $2250 9 

1 I I . G  STATUS OF STANFORD TAPE REOORDS 

The at tached t a b l e  (Table 111) l i s t s  the  de t a i l ed  s t a t u s  of t h e  

Stanford tape  records prepaxed over t h e  pas t  2-1/2 years of operation. 

I n  many cases these  tapes  a re  of i n su f f i c i en t  qua l i t y  t o  be more f u l l y  

reduced and w i l l  have t o  be s tored unt i l  more sophis t ica ted  systems 

of da ta  analysis  a r e  avai lable .  

i n  which t h e  tapes  w i l l  be reduced with t h e  f i r s t  p r i o r i t y  being 

assigned t o  t h e  a i r c r a f t  tapes  of Padres I s land  and Mission 56. 
second p r i o r i t y  l i s t i n g  i s  given t o  t ape  11 (which i s  i n  i t s  f i n a l  s tage  

of processing),  followed by tapes 21, 17 and 16 i n  t h a t  order.  

A p r i o r i t y  l i s t i n g  has been establ ished 

The 

Several  p r i n c i p a l  sources of problems e x i s t  f o r  t h e  Stanford tapes .  

F i r s t l y ,  it has been found t h a t  the spec t r a  recorded on any of t h e  SG-4 
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instruments ( e i the r  t h e  Stanford unit or t h e  Huntsvi l le  miits) show 

a de f in i t e  difference between spec t ra  recorded on t h e  ripward ramp and 

t h e  downward ram2. 
computer i n  such a manner t h a t  these  two s e t s  of consecutive tape  r e -  

cordings of spec t ra  a r e  segregated, and t h a t  only up-ramp samples are 
compared with up-ramp l i b r a r i e s  and down-ramp samples wi5h dowc-ramp 

l i b r a r i e s  during data reduction process.  

of t h e  TPO-360 program on t h e  IBM 360 a t  Stanford.  

It has been necessary the re fo re  t o  program t h e  

This i s  now a normal od5put 

A second cause i s  t h e  t h e  low s igna l  t o  noise ra.i;io or, t h e  or igF2al  

recording. This has come about i n  t h e  following severa l  ways. 

1. Low s igna l  due t o  t h e  use of a thermistor  h s t e a d  of a Ciu:Ge 

cooled detector  a 

Low s ignal@ue t o  a degraded Cu:Ge detector'  due t o  insIiffi=ie.ht  

cooling with l i q u i d  helium - or t h e  dewar being t i l t e d  a t  too  

high an angle. 

High noise  due t o  a microphonic Cu:Ge detector .  

High noise  due t o  operation of t h e  Ci t izens  Band rad ios  and 

other  e lec t ronic  equipment i n  c lose  proximity t o  the  recordifig 

system. 

2.  

3.  
4. 

I n  addition, other  problems were caused by: 

5 .  A tape recorder VCO dr i f t  which ensured a t o t a l  l ack  of 

determination of t h e  t r u e  wavelength a t  any time and 

6. Poor tape speed compensation (p r io r  t o  tape  ll)* After 

tape 11 a crys ta l -cont ro l led  frequency of 12-1/2 KC w a s  

permanently i n s t a l l e d  i n  t h e  spectrometer. 

All these  e f f e c t s  have in t e rac t ed  t o  produce a s e r i e s  of tapes  of 
It i s  the re fo re  necessary t o  e s t ab l i sh  varying degrees of perfect ion.  

a t ape  reduction p r i o r i t y  based upon 

b )  S/N r a t i o s  by which our somewhat meager funds can be used t o  t h e i r  

b e s t  advantage. This i s  i n  continuing rev is ion  and t h e  s t a t u s  of t h e  

tapes  w i l l  change as a function of t i m e  and t h e  e f f o r t  which i s  ava i l -  

ab le  t o  be placed i n  t h e i r  reduction. 

a) geological  signSficance and 

NO fur ther  tapes  w i l l  be made on t h e  analog recording system using 

t h e  SP300 and t h e  with t h e  spectrometers i n  t h e i r  analog output condition. 

-26- 



A d i g i t a l  recording system i s  now ins ta l led ,  the  A-D s t ep  of which i s  

t r i gge red  by pulses  a t  pre-determined wavelength from a shaft-encoding 

system on the SG-4, or a peripheral ,  edge-coding system on the  c i r c u l a r  

va r i ab le  f i l t e r s  i n  the  Stanford CVF system or on the  P3A a i r c r a f t  

system. I n  fu tu re  only d i g i t a l  recordings w i l l  be made a t  Stanford 

i n  t h e  laboratory o r  i n  the  f i e l d  and the analog systems w i l l  be 

phased out permanently. 
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Tv. RESULTS FROM COMPUTER F'ROCESSING 

A. Up-ramp and Down-ramp Spec t ra l  Difference 

Inspection of t he  computer output f o r  tapes  6B and 7B (newly re -  

d i g f t i s e d  equivalents of t h e  noisy 6A and 7A) showed an a l t e rna t ing  

pa t t e rn  of success and f a i l u r e  i n  co r re l a t ing  successive spec t ra  with 

correct  rocks i n  the l i b r a r y .  Tape 7B w a s  more c l ea r  than 6 B  i n  t h i s  

regard and t h e  following t ab le  shows the  de t a i l ed  r e s u l t s  if  t he  spec t ra  

are  segregated 

Tape 7B 

c: OKXC 0 
RANKING UP RAMP DOWN RAMP 
(out of 19) ( A  increasing) ( A  decreasing) 

VERY GOOD 
(1st o r  2nd 
choice 
norrect ) 

FAIR 
(Correct 
choice i s  
f i r s t .  f ive)  

WRONG 

- 

7@ 33% 

2% 15% 

2 9  52% 
(Clearly a 
misident i- 
f i c a t  ion) 

Tape 6 B  
- - 

UP RAMP DOWN RAMP 
decreasing) 

This fu r the r  emphasizes a problem we have had f o r  some time with the  

SG-4 data  -- t h a t  o f  non-symmetry of g ra t ing  dr ive.  

the  programming and spec t ra  are  segregated at an ea r ly  s tage before 

r a t i o s  are taken t o  obtain emittance r a t i o s .  The blackbodies are  segre- 

gated as  well and a much more prec ise  r a t i o  and cor re la t ion  coe f f i c i en t  

i s  being obtained. Tape 11 (Davis) i s  being used as  the  t e s t  case f o r  

t h i s  new program concept (TPO 360). 

We have now redone 
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B o  Stepwise Discriminant Programs (BMDOTM 

The BMD07M programs (or adaptive learn ing  programs) have been 

appl ied t o  our ground spec t ra  for  several  years  a t  Stanford.  The r e s u l t s  

have been ind ica t ive  (but not  c l ea r ly  discr iminatory)  f o r  t he  severa l  

rock types proposed as groups or categories .  With the newiy r e d i g i t i s e d  

6B and 7B tape, c l e a r  spec t ra  have been obtained and used more success- 

f u l l y  i n  these stepwise discriminant programs. 

e a r l i e r  indicat ion from a mistake i n  processing tape 11, t h a t  b e t t e r  

discrfminat ion could be achieved with the “raw” s p e c t r a l  emittance data,  

r a t h e r  than the  subsequently-normalized, s p e c t r a l  emittance r a t i o  da t a .  

Accordingly both ideas were t r i e d  and the  r e s u l t s  a r e  summarized below. 

In  addi t ion we had an 

1. Tape 6B Emittance versus  Emittance Ratio (E RATIO) 

A t e s t  was made using th ree  t r a in ing  groups of obsidians (l?), 
r h y o l i t e  (19) and pumice sands (l?), t o  see i f  the  BMDO7M program could 

use t h e  discriminant funct ions optimised on these  3 rock types (unfortu- 

na t e ly  a l l  very s imi la r )  and separate 6 other  t e s t  categories .  I n  a l l  

f a i rnes s ,  t h i s  was not a wel l  es tabl ished t e s t  (due t o  the s i m i l a r i t y  of 

t h e  th ree  t r a in ing  rocks),  but  it did ind ica te  t h a t  E-RATIOS are  the  

b e t t e r  da t a  t o  use.  

TABU3 TI 

TAPE 6 B  (rerun 7/19/67) 
BMDO7M - STEPWISE DISCRIMINANT PROGRAM 

ak Plots  of t h e  da t a  “clouds” are much more compact with the  E-RATIO 
data,  and the re  a re  no mis- ident i f ica t ion  e r r o r s .  Forty-five s p e c t r a l  
po in t s  were used i n  each case, ra ther  than 27 poin ts  i n  a l l  previous 
analyses.  
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2 .  Tape 7B - Effect  of a i rpa th  length versus  time sequence of 

m e c t r a  

OLMSTEAD POINT 

Tape 7B has some very i n t e r e s t i n g  spec t ra  recorded from path lengths  c 
a s  long as 17000 f e e t  t o  as  shor t  as 3 feet), a l l  being taken on the  same 

day, bu t  a t  two geographically d i f f e r e n t  s i t e s .  Again, t he  analysis  i s  

not too c l ea r  as the  rock a t  Olmstead Point (ca l led  a g ran i t e )  i s  not very 

d i f f e ren t  i n  physical  o r  chemical aspects from t h a t  a t  Lembert Dome 

(cal led a quartz monzonite). 

LEMBERT DOME 

Modal Analyses (1500 poin t  count, 1 t h i n  sect ion)  

O l m s  t e ad Point "Granite" Lembert Dome Q. Monzonite 
(equivalent t o  #316 and 

#312USGS) 
Quartz 29 *5$ 24.2 (#312) (#3 16 ) I 
K- spar 26.7 27.7 

I/ 
Plag iocl as e 36.2 i 38.9 
Amphibole 0 *7 0 -9 
Mica 4 05 6 09 
0-p aque s 2.2 1.4 

/ I  

100 .% '100 .$ 
Color Index 7 04 9 -2 

TPOPOl ("Granite") 

25% 
36 
40 

5 

TPLDO1 ("Q. Monzonite") 

10% 

/TAPE DATA 1 CORRECT I WRONG 
NO. LENGTH "grani te"* "q.  monz" 

I 1 answer answer 

1 TAPE/ PATH 
NO. , LENGTH 

1 

5 
4 
6 

3 
4 

-- 
-- 
-- 
2 
4 

719 
72 0 

72 1 
722 
72 3 
724 
725 
72 6 
72 7 

60 

150' 
3001 

2000' 

3000~ 
3000' 
4000 

- 2 

1 1 
6 ! 

~i 

I - 9 
1 10 
8 - 
7 2 
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58 
60' 
60' 

300' 
500' 
500' 
5001 
500' 
650' 
900 
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706 
708 VN 

WRONG I 

"q . mom. 
answer 

- 
- 
10 
9 
2 

- 
1 
2 

2 
1 

3 

TAPE 
NO. 

718 
719 
72 0 
72 1 
72 2 

72 3 
724 
725 
726 
72 7 

TABLE '41-B 

SUCCESS RATE WITH TIME SEQUENCE OF SPECTRA 

~ 

709 
710 
711 
712 
713 
714 

CORRECT 

answer 

8 
8 

g r  an it e 

1 - 
7 

PN 
PN 
PN 

N 
N 

VN 

PN = p a r t l y  noisy 

NOISE 
TYPE 

N 
N 
N 
N 
N 

VN 
VN 
VN 
VN 
VN 

CORRECT 
"9. monz." 

answer 

5 
4 
6 
3 
4 

1 
2 - 
- 
- 

VN = very noisy 

WRONG 
"gr an i t E 

answer 
- 
- 
- 
2 
4 

4 
2 
3 
4 
1 

N = noisy (see SRSL Tech Report 67-2) 

Table V I -  A does not c l e a r l y  show any degradation of success r a t e  

with a i r  path length f o r  t he  Olmstead Point da ta  but t a b l e  VI-B indi-  

ca t e s  t he  previously establ ished cor re la t ion  of f a i l u r e  with time 
sequence of spec t ra  ( i . e . ,  lapsed time s ince  helium w a s  added t o  the 

de t ec to r ) .  

co r re l a t e  wrongly with memory. 

Increased lapse t i m e  leads t o  very noisy spec t ra  which 

This pa t t e rn  i s  repeated and confirmed with the  Lembert Dome da ta .  
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V ., METEOROLOGY 

A. General Discussion of Need 

The atmospheric path through which inf ra red  r ad ia t ion  must pass 

from a rock source t o  a spectrometer o r  radiometer causes a considerable 

attenuation of the  s igna l .  It i s  more marked a t  p a r t i c u l a r  wavelengths 

wherein the atmospheric gases have t h e i r  p r inc ipa l  absorption (water 

vapor9 a t  1.138~~ 605p; carbon dioxide at 4.311 (and a t  1500p.)J but  

never should be e n t i r e l y  dismissed. 

has a cer ta in  amount of a t tenuat ion which i s  pr imari ly  a sca t t e r ing  

phenomena due t o  aerosols  and dust p a r t i c l e s  i n  the  path of rad ia t ion .  

A t  any wavelength the  atmosphere 

Analysis of Mission 56 a i r c r a f t  da t a  (as d i s t i n c t  from ground 

spec t r a l  data) has shown a rapid o s c i l l a t i o n  i n  the  s igna l  received by 

t h e  airborne instruments. There a re  three  main differences between a 

ground operat ion and an a i r c r a f t  operat  ion: 

1, The increased a i rpa th .  

2 .  The changing t a r g e t  (or source) of t he  inf ra red  r ad ia t ion  

beneath the  a i r c r a f t  as a function of i t s  f l i g h t .  

3 Aircraf t  v ibra t ion  e f f e c t s  

We have shown on long horizontal  path spec t r a l  s tudies ,  (such 

as those at  Tioga Pass over a l 7 , O O O  f t  path)  t h a t  t he  atmosphere does 

not show a grea t  amount of o s c i l l a t i o n  of t he  s igna l  during the  10- 

second t o  60-second recording period. 

does not show rapid o s c i l l a t i o n s  of more than approximately 1 9  of i t s  

radiance s igna l -  On the  other  hand the  airborne spectrometers show 

a considerable change during the  short  per iod i n  which t h e i r  s igna ls  

are  recorded (150 milliseconds per  spectrum) 

not ye t  c l ea r  whether t h i s  i s  (a) 
source rocks underneath the  a i r c r a f t  (which must be extremely d i f f e ren t  

t o  cause the rapid o s c i l l a t i o n s  of t h e  s igna l s  seen i n  the  a i r c r a f t ) ,  

o r  (b)  whether t h i s  i s  due t o  s p a t i a l  changes ( e m g o ,  crossing Benard 

c e l l s )  i n  the  absorption e f f ec t s  of the  atmosphere, or (e )  due t o  t h e  

more rapid response cha rac t e r i s t i c s  of t h e  airborne detector-amplif ier  

system 

The radiometer f o r  example 

Unfortunately it i s  

due t o  changing temperatures of t he  
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We have been working together with t h e  Universi ty  of Nevada or, 

a meteorological study t o  assess  the s p a t i a l  and temporal var ia t ions  

of water vapor i n  t h e  atmosphere i n  and around t h e  tes t  s i t e s  during 

a i r c r a f t  operations.  The data a r e  as yet  not f u l l y  reduced,but by t h e  

use of radiosonde balloons up t o  a i r c r a f t  a l t i tudes(before  and a f t e r  

each f1ight) i t  i s  possible  t o  determine(for these  two periods of time 

during operationsfwhat i s  t h e  d i s t r ibu t ion  of water vapor and a i r  

temperatures between the  a i r c r a f t  a l t i t u d e  and t h e  source rocks. 

more work needs t o  be done t o  es tab l i sh  t h e  l e v e l  of accuracy of 

measurements which a r e  required. It seems t h a t  t h e  in f r a red  spec- 

trometers on board t h e  a i r c r a f t  provide p o t e n t i a l l y  much more def in i -  

t i v e  measures of t h e  water vapor i n  t h e  atmosphere than t h e  radiosondes 

or other  hygrometry instruments being u t i l i z e d  on t h e  surface of t h e  

ground. 

the f i l t e r  wheel i n  t h e  P3.A instrument w a s  chosen t o  be i n  the  v i c i n i t y  

of 6.7p so t h a t  t h e  "wings" of the water vapor band could be used t o  

e s t ab l i sh  t h e  amount of water vapor i n  t h e  a t tenuat ing  colwnr,. 

fo r tuna te ly  we cannot ye t  ca l ib ra t e  t h i s  s ens i t i ve  measure as we have 

had only 2 days of p a r t i a l l y  successfbl a i r c r a f t  operation i n  t h e  

p a s t  year.  

B. 

A. 

Much 

It was f o r  t h i s  very reason t h a t  t h e  l o w  wavelength end of 

Un- 

Universi ty  of Nevada Hygrometry References 
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B. Simple Equations f o r  t he  Computation of Humidity Parameters: 

1. e = p a r t i a l  pressure of water vapor (mb) 

e = sa tura t ion  water vapor pressure (mb) 

r = r e l a t i v e  humidity ( r a t i o )  

S 

-3 
= absolute humidity, or water vapor densi ty  (g cm ) 

fw -1 
q = spec i f ic  humidity (g kg ) 

w = mixing r a t i o  ( g  kg ) 
d = sa tura t ion  water vapor d e f i c i t  (mb) 

T = dew point temperature ("C) 

T = air  temperature (OK) 
P = atmospheric pressure (mb) 

Tw = wet bulb temperature ("C) 

-1 

d 

C 2 EqGations fo r  humidity parameters: 

r = e/es 

= 2.165 x 1 5 ~  e/T 
e w  

q = 622 e/p 

w = 622 e/(p-e) 

d = e - e = e s ( l - r )  
S 

Td can be obtained f'rom Table. 

T can be obtained from Table. 
W 
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Meteorological Instrument Shel te r  

by Steve A. Samon, Graduate Student 

The purpose of t h e  meteorological instrument s h e l t e r  i s  t o  eriable 

t h e  t r a ined  observer t o  obtain data t h a t  i s  a t r u e  representa t ion  of 

t h e  air mass being sampled. If one attempts t o  measure t h e  temperature 

of t h e  atmosphere by placing the  thermometer i n  a loca t ion  t h a t  affords  

no pro tec t ion  from d i r e c t  so l a r  radiat ion,  t h e  reading obtained w i l l  

be erroneous and of no value t o  the observer. For t h i s  reason, it i s  
important t h a t  t h e  instruments a r e  placed so t h a t  no incident  or 

d i r e c t  r ad ia t ion  fa l l s  upon them. 

t a i n i n g  t r u e  readings is  t h e  instrument s h e l t e r .  With the  use of a 

meteorological instrument s h e l t e r ,  t h e  instruments contained the re in  

a r e  ab le  t o  assume t h e  temperature o r  humidity of t h e  a i r  mass being 

sampled. 

The most widely used method fo r  ob- 

The Stanford Instrument Shel ter  i s  a modified type of t h a t  i n  
current  use by t h e  United S t a t e s  Weather Bureau. The s h e l t e r  has a 

double roof with louvered s ides .  The bottom of t h e  s h e l t e r  has holes 

i n  it f o r  ven t i l a t ion  of a convectional type.  

has been designed f o r  f i e l d  use i n  t h a t  it i s  completely portable  and 

can be broken down izlto a small package f o r  transit t o  remote s i t e s .  

The bottom and top  of t h e  s h e l t e r  have mounting brackets  desigced 

t o  accommodate aux i l l a ry  equipment such as t h e  I S C O  radiometer aid 

t h e  Sol-a-meter. 

be placed e i t h e r  i n  or upon t h e  she l t e r  so as t o  eliminate movement 

between instruments while taking data. The loca t ion  and height above 

ground of t h e  s h e l t e r  i s  j u s t  as important as t h e  type of co-nstruction. 

If a i-nstrument she l t e r  i s  not located a t  t h e  proper height above 

ground, t h e  da ta  may not be a t r u e  ind ica t ion  of t h e  air  mass conditions.  

The s h e l t e r  should be located at  a minimum of 4 f e e t  above a l a rge ,  

f la t  surface,  preferably grassy, and a t  l e a s t  10 f e e t  away from build- 

ings o r  o ther  v e r t i c a l  surfaces .  When t h e  s h e l t e r  cannot be mounted 

above a grassy surface,  t he re  should be a wooden gra te  between t h e  

The Stanford s h e l t e r  

When properly s e t  up the  e n t i r e  weather statioxl can 
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surface and the  f loor  of t he  s h e l t e r .  The s h e l t e r  faces  nor th  i n  t h e  

Northern Hemisphere and south i n  t h e  Southern Hemisphere so tha t  t h e  

sun w i l l  never shine d i r e c t l y  on the  instruments i n  t h e  s h e l t e r  when 

the  doDr i s  opened. 

and dust both ins ide  and outs ide  at all times. Keep t h e  pa in t  c lean 

to insure maximum ef f ic iency  of t h e  s h e l t e r  i n  affording pro tec t ion  

of t h e  instruments from rad ia t ion  and conduction of heat  from outs ide  

sources. Free water surfaces  i n  the  instrument s h e l t e r  w i l l  adversely 

a f f e c t  the  instrument readings and r e s u l t  i s  nonrepresentative obser- 

vations. 

sensing is the  amount of water vapor i n  t h e  atmosphere at  t h e  time 

of observation. 

The instrument s h e l t e r  should be kept f r e e  of d i r t  

The most important meteorological da ta  i n  regards to i n f r a red  

The e f f e c t s  of the  e a r t h ' s  atmosphere must be se r ious ly  considered 

The i c f r a r e d  i n  t h e  design and use of i n f r a red  sensing equipments. 

rad ia t ion  incident  on a rece iver  i s  always extensively changed by 

the  atmosphere intervening between it and the  t a r g e t .  

medium i s  an inhomogeneous and continuously changing mixture of gases, 

l i q u i d  droplets ,  and p a r t i c u l a t e  s o l i d  matter.  

i n t e r e s t  a r e  water vapor (H20), Carbon dioxide (C02), n i t rous  oxide 

(N20), and ozone (0 ).  

a function, among other  th ings ,  of t h e  number of molec?lles present ,  

t h e  wavelength involved and t h e  energy s t a t e s  of t h e  molecules. 

predict ion of sca t t e r ing  e f f e c t s  i s  made b i f f i c u l t  by the  f a c t  t ha t  

t h e  applicable Mie sca t t e r ing  theor ies  r equ i r e  knowledge of p a r t i c l e  

numbers, dens i t i e s ,  shapes, s i ze s ,  and e l e c t r i c a l  c h a r a c t e r i s t i c s  

which depend on the  mater ia l s  that  make up t h e  p a r t i c l e s .  These para- 

meters are not e a s i l y  determined, and t h e  theory cannot take  a l l  of 

t h e  fac tors  i n t o  account unless  many simpl5fying assumptions a r e  

made. The t ransmit ted r ad ia t ion  i s  a l s o  subjec t  to r e f r a c t i o n  by t h e  

medium traversed. Absorption, emission, s ca t t e r ing ,  and r e f r a c t i o n  

all vary w i t h  time and space throughout t h e  pa th  of transmission. 

constant motion of t he  atmosphere, on both micro- and macroscopic 

sca les ,  c r ea t e  these  va r i a t ions  i n  as unpredictable a p a t t e r n  as t h e  

var ia t ion  i n  o ther  meteorologibal paramkters. Only on a s t a t i s t i c a l  

T h i s  in tervening 

The gases of primary 

These gases w i l l  absorb and emit r ad ia t ion  as 3 

The 

The 
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b a s i s  i s  any predict ion possible .  

From the  foregoing information, one can see how important accurate 

meteorological data i s  i n  the  f i e l d  of in f ra red  sensing. 

meteorological instrument she l t e r ,  we hope t o  eliminate one more var i -  

ab le  parameter i n  regards t o  the  co l lec t ion  of ground t r u t h  data.  

With t h e  

V I .  MAJOR EQUIPMENT STARTS 

A. Laboratory and Field Recording Equipment 

1. Dig i t a l  Recording System 

A d i g i t a l  data  recording system i s  being constructed at Stanford 

which w i l l  a) 

tape  and b )  serve as a model system f o r  t h e  design of a i r c r a f t  and 

spacecraf t  data systems. 

record f i e l d  d i r ec t ly  onto IBM 360 compatible d i g i t a l  

The computerprograms t o  handle data from t h i s  system a r e  already 

i n  operation and are  highly successful on P3A a i r c r a f t  data  of t he  

same type, proving t o  be even cheaper t o  run than predicted.  

The hardware t o  convert f i e l d  da t a  i s  about 75% complete. The 

encoder i s  i n s t a l l e d  on t h e  S G 4  wavelength dr ive and pos i t i ve  wave- 

length assignments a r e  f i n a l l y  possible.  The i % h s  as  yet incomplete 

a re  t h e  in t e r f ace  between A - D converter and t h e  tape unit,and 

multiplex u n i t  t o  enable Huggins radiometer data  t o  be included as 

w e l l  within each physical  record,  The spectrometer i s  sampled a t  

90 samples/spectrum t r iggered  by the encoder pulses i n  order t o  be 

compatible with the  data output format present ly  being used fo r  t he  

NASA P3A a i r c r a f t  system. 

The Stanford d i g i t a l  system w i l l  a l s o  be d i r e c t l y  compatible with 

the  f i l t e rwhee l  spectrometer (CVF) being constructed here, as wel l  as 

t h e  SG-4 spectrometer, but the  CVF concept w i l l  allow m e  s impl i f ica t ion  

of t he  SG-4 logic .  

Bo Laboratory and Fie ld  Equipment 

1. S G 4  Spectrometer 

The SG-4 spectrometer i s  working s a t i s f a c t o r i l y  and can produce 

good qua l i ty  spectra  of unpolished samples with a reasonable degree of 
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repea tab i l i ty .  We have departed from t h e  p rac t i ce  of using l i q u i d  

nitrogen i n  the  reference dewar and are learning how t o  choose the 

reference temperature t o  produce t h e  best spec t ra  from a given batch 

of samples by  emphasizing the  spec t r a l  departures from a blackbody. 

The instrument s t i l l  r e t a i n s  two o r i g i n a l  design fea tures  which a re  

undesirable however ; 

a) The viewfinder and the  o p t i c a l  axis do not appear t o  be 

i n  l i n e ,  or even out of alignment by a constant amount, and 

attempts t o  correct  t h i s  have been unsuccessful. 

The "up!! and "down-"ramp spec t ra  cons is ten t ly  show d i f f e re i ces  

i n  wavelength and amplitude. While t h i s  too  we cannot ex- 

p l a in ,  we are using a present  so lu t ion  of t r e a t i n g  t h e  two 

types of spectra  independently i n  t h e  computer. 

b )  

Apart from completing t h e  data system no work on t h e  ac tua l  SG-4 spec- 

trometer i s  necessary r i g h t  now. 

l a y  item'b, i s  uncorrectable. 

at t h e  same time as f o r  t h e  C V F  u n i t .  

Without considerable f i n a n c i a l  out- 

Optical  re-alignment w i l l  be attempted 

Spectra of  approximately 50 rock samples were run t h i s  summer. 

2. CVF Spectrometer 

In-house work on the  new instrument stopped some months ago due 

t o  t h e  pressure of impending a i r c r a f t  and f i e l d  schedules, and now, 

recent ly ,  by the  need t o  complete da t a  reduction of a tape backlog. 

Apart from o p t i c a l  alignment, no f'urther work on t h i s  instrument w i l l  

be scheduled un t i l  t h e  new yeax. 

The CVF spectrometer has operated successful ly  i n  the laboratory 

during i n i t i a l  t e s t s ,  taking 30 seconds t o  produce a "clean" 7-14, 
spectrum of  room temperature samples, using a 0 ° C  reference.  

instrument now needs : 

The 

a. Packaging 

b e I n s t a l l a t i o n  of encoder. 

C .  I n s t a l l a t i o n  of i n - l i ne  viewfinder. 

d. Possible i n s t a l l a t i o n  of .  miniature pre-amplifier,  ( A t  present 

not considered necessary. ) 

e.  Optical  alignment. 

f .  I n s t a l l a t i o n  of blackbody temperature cont ro l le r .  
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B. F i e ld  Equipment 

Barnes I T 3  Radiometer 

The I T 3  has been used extensively i n  f i e l d  work supporting t h e  

CV240 f l i g h t s  (Mx 55, 56, 59) and i s  s t i l l  functioning cor rec t ly  de- 

s p i t e  i t s  design as a lab  r a the r  than a f i e l d  un i t .  

an e r ro r  of about 2°C on a l l  readings a f t e r  a bad f a l l  following 

Mission 59. 

It has developed 

A new low power inver te r  has been b u i l t  i n t o  one end of t h e  u n i t  

t o  increase p o r t a b i l i t y  by enabling t h e  I T 3  t o  be run off e i t h e r  115 V 

A.C. o r  a 28V Ni-Cd ba t t e ry  pack. In  t h i s  portable  mode, it operated 

f o r  2-3 hours during a recent  Stanfmd over f l igh t .  

t e s t e d  t o  f ind  what i s  t h e  maximum l i f e  of t he  ba t t e ry  pack. 

It has not beer, 

Huggins Mark IX Radiometer 

This instrument has never functioned s a t i s f a c t o r i l y  despi te  re-  

peated t rouble  shooting, and other r epa i r s  by the  manufacturer. I t s  

present  accuracy i s  more of an unknown quant i ty  than before. 

pose t o  perform a se r i e s  of s e n s i t i v i t y  tes ts  on t h e  instrument to 
determine whether we should spend some funds i n  upgrading the  radio- 

meter, or  whether t h e  instrument should be replaced al together .  

We pro- 

V I I .  TRAVEL 

Travel on t h i s  pro jec t  has been r e s t r i c t e d  t o  f i e l d  work. Charges 

f o r  t r i p s  to Houston since Ju ly  1, 1967 concerned with t h e  P3A ins t ru-  

mentation and scheduling have been charged t o  t h e  Houston contract  

NAS9-7313. The following t rave l  for  ground spec t ra  operations has 
been performed. 

F ie ld  

Reno Nevada 2 man days Planning of Mission 55/56 
with s i t e  inspection 

meeting t a p e  2 1  i n  f i e l d  > Tioga-Reno-Mt. Lassen 20 nan days Mission 55 and Microwave 
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V I 1 1  . FISCAL DETAILS 

A breakdown of t h e  f i s c a l  expenditures t o  date  has been included 

f o r  t he  24 month per iod up t o  10/31/67. 
t he  t o t a l  expenditures ind ica ted  a r e  higher than a c t u a l  i n  that the re  

a re  s t i l l  remaining severa l  wrongly assigned charges which would be 

removed f’rom t h i s  account. Personnel s a l a r i e s  have bee3 corrected t o  

r e f l ec t  these changes but  have not ye t  appeared on t h e  output from $he 

computer sheets  with t h e  budget s m a r i e s .  

It should be r e a l i z e d  that  

The a l loca t ion  of e f f o r t  

by t h e  various personnel i s  corrected t o  show these  chaages but  t h e  

f i s c a l  s t ruc ture  has not yet  been so modified. 
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